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inhibiting HDACl,4. Thus, these 
compounds are useful as drugs for 
preventing or treating diseases caused 
by HDACl,4, (1) 
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mmm 

#$&W\ZKX YlsWLT-tJ-M\MB (Histone deacetylase:HDAC) Pl^flJ&J; 

M&±yo<D ? n ^^i/im&kmB^-tD&mz, t * h yr±^Mtmm (had 

l-i5t^ hy<DT±?-/Hkb, hvj^Ti?5vWbSlilt (HDAC) fcXZMT 

S (Marks, P. A., Richon, V. M. , and Rif kind, R. A. (2000). Histone deace 
tylase inhibitors: Inducers of differentiation or apoptosis of transform 
ed cells. J. Natl. Cancer Inst. 92, 1210-1216; Yoshida, M. , Horinouchi, 
S. , and Beppu, T. (1995). Trichostatin A and trapoxin: novel chemical pr 
obes for the role of histone acetylation in chromatin structure and func 
tion. Bioessays 17, 423-430; Bernhard, D. , LSffler, M. , Hartmann, B. L., 
Yoshida, M. , Kof ler, R. , and Csordas, A. (1999) . Interaction between de 
xamethasone and butyrate in apoptosis induction: non-additive in thymocy 

4 

tes and synergistic in a T cell-derived leukemia cell line. Cell Death 
Diff. 6, 609-607) o 

mm. *mx\-mmnmx®wAsMk lt^$h4£*i-^< hdac pi 

ilr£!l(Nakajima, H. , Kim, Y. B. , Terano, H. , Yoshida, M. , and Horinouchi, 
S. (1998). FR901228, a potent antitumor antibiotic, is a novel histone d 
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eacetylase inhibitor. Exp. Cell Res. 241, 126-133; Saito, A., Yamashita, 
T., Mariko, Y. , Nosaka, Y. , Tsuchiya, K., Ando, T. , Suzuki, T. , Tsuruo, 
T. , and Nakanishi, 0. (1999) . A synthetic inhibitor of histone deacetyl 
ase, MS-27-275, with marked in vivo antitumor activity against human turn 
ors. Proc. Natl. Acad. Sci. USA 96, 4592-4597) <DW^%&W$l%ftX\^ 5 

o 

mkzmmmmnh lt« n y a ctsa) w^fcs (Yoshida, 

M. , Kijima, M. , Akita, M. , and Beppu, T. (1990). Potent and specific inh 
ibition of mammalian histone deacetylase both in vivo and in vitro by tr 
ichostatin A. J. Biol. Chem. 265, 17174-17179) 0 TSA tt&jfcJStolfi* 

fL**Bttfc£^^ (Yoshida, M., N 

omura, S. , and Beppu, T. Effects of trichostatins on differentiation of 

murine erythroleukemia cells. Cancer Res. 47: 3688-3691, 1987; Hoshika 
wa, Y. , Kijima, M. , Yoshida, M. , and Beppu, T. Expression of diff erenti 
ation-related markers in teratocarcinoma cells via histone hyperacetylat 
ion by trichostatin A. Agric. Biol. Chem. 55: 1491-1495, 1991; Minucci, 

S. , Horn, V. , Bhattacharyya, N. , Russanova, V. , Ogryzko, V. V. , Gabriel 
e, L. , Howard, B. H. , and Ozato, K. A histone deacetylase inhibitor pot 
entiates retinoid receptor action in embryonal carcinoma cells. Proc. N 
atl. Acad. Sci. USA 94: 11295-11300, 1997; Inokoshi, J., Katagiri, M. , A 
rima, S., Tanaka, H. , Hayashi, M. , Kim, Y. B. , Furumai, R. , Yoshida, M. , 

Horinouchi, S. , and Omura, S. (1999). Neuronal differentiation of Neuro 

2a cells by inhibitors of cell progression, trichostatin A and butyrola 
ctone I. Biochem. Biophys. Res. Commun. 256, 372-376; Wang, J., Sauntha 
rarajah, Y. , Redner, R. L. , and Liu, J. M. Inhibitors of histone deacet 
ylase relieve ETO-mediated repression and induce differentiation of AML 
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1- ET0 leukemia cells. Cancer Res. 59: 2766-2769, 1999; Minister, P. N. , 
Troso-Sandoval, T. , Rosen, N. , Rifkind, R. , Marks, P. A. , and Richon, V. 

M. The histone deacetylase inhibitor suberoylanilide hydroxamic acid i 
nduces differentiation of human breast cancer cells. Cancer Res. 61: 84 
92-8497, 2001; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F. , Gelm 
etti, V., Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Ner 
vi, C. Histone deacetylase-targeted treatment restores retinoic acid si 
gnaling and differentiation in acute myeloid leukemia. Cancer Res. 61: 

2- 7, 2001; Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , Schimpf, 
A., Giavara, S. , Sleeman, J. P., Lo Coco, F. , Nervi, C. , Pelicci, P. G. 

, and Heinzel, T. Valproic acid defines a novel class of HDAC inhibitor 
s inducing differentiation of transformed cells. EMB0 J. 20: 6969-6978, 

2001) o $e>^ hdac mm t tiRk&mmttGtt&&m&ftti'zmii t © 

Mir 5 at^rf^Sr 9 l^M^iru^y 4>Wtk hdac m^M t <D&m 

AsffflfolDftikWBmZtlZ (Minucci, S., Horn, V., Bhattacharyya, N. , Russ 
anova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozato, K. A 
histone deacetylase inhibitor potentiates retinoid receptor action in e 
mbryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300, 1 
997; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F. , Gelmetti, V., 

* 

Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C Hi 
stone deacetylase-targeted treatment restores retinoic acid signaling an 
d differentiation in acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; 
Coffey, D. C. , Kutko, M. C. , Glick, R. D. , Butler, L. M. , Heller, G. , R 
if kind, R. A. , Marks, P. A. , Richon, V. M. , and La Quaglia, M. P. The h 
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istone deacetylase inhibitor, CBHA, inhibits growth of human neuroblasto 
ma xenografts in vivo, alone and synergistically with all-trans retinoic 
acid. Cancer Res. 61: 3591-3594, 2001; Petti, M. C. , Fazi, F. , Gentile 
, M. , Diverio, D. , De Fabritiis, P., De Propris, M. S., Fiorini, R. , Spi 
riti, M. A., Padula, F. , Pelicci, P. G. , Nervi, C. , and Lo Coco, F. Com 
plete remission through blast cell differentiation in PLZF/RARalpha-posi 
tive acute promyelocytic leukemia: in vitro and in vivo studies. Blood 
100: 1065-1067, 2002) 0 ^< (D^Aym^n^^MlA^^m^ 

— foZ> (Nan, X., Ng, H. H. , Johnson, C. A., Laherty, C. D. , 
Turner, B. M. , Eisenman, R. N. , and Bird, A. Transcriptional repression 
by the methyl-CpG-binding protein MeCP2 involves a histone deacetylase 
complex. Nature 393: 386-389, 1998; Cameron, E. E. , Bachman, K. E. , Myo 
hanen, S. , Herman, J. G. , and Baylin, S. B. Synergy of demethylation an 

■ 

d histone deacetylase inhibition in the re-expression of genes silenced 
in cancer. Nature Genet. 21: 103-107, 1999; Li, Q. L. , Ito, K. , Sakakur 
a, C. , Fukamachi, H. , Inoue, K. , Chi, X. Z. , Lee, K. Y. , Nomura, S. , Lee 
, C. W. , Han, S. B. , Kim, H. M. , Kim, W. J. , Yamamoto, H. , Yamashita, N. 
, Yano, T. , Ikeda, T. , Itohara, S. , Inazawa, J. , Abe, T. , Hagiwara, A. , 
Yamagishi, H. , Ooe, A., Kaneda, A., Sugimura, T. , Ushijima, T. , Bae, S. 
C. , and Ito, Y. Causal relationship between the loss of RUNX3 expressio 
n and gastric cancer. Cell 109: 113-124, 2002; Boivin, A. J., Momparler 
, L. F. , Hurtubise, A. , and Momparler, R. L. Antineoplastic action of 
5-aza-2' -deoxycytidine and phenylbutyrate on human lung carcinoma cells. 
Anticancer Drugs 13: 869-874, 2002; Primeau, ML, Gagnon, J., and Mompa 
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rler, R. L. Synergistic antineoplastic action of DNA methylation inhibi 
tor 5-AZA-2' -deoxycytidine and histone deacetylase inhibitor depsipeptid 
e on human breast carcinoma cells. Int J Cancer 103: 177-184, 2003) 0 

WfflLtCo HDAC Hfittls^^jqiilDtS 

ZbhTF&tlX^Z (Gottlicher, M. , Minucci, S., Zhu, P., Kramer, 0. H., 
Schimpf, A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelic 
ci, P. G. , and Heinzel, T. Valproic acid defines a novel class of HDAC 
inhibitors inducing differentiation of transformed cells. EMB0 J. 20: 6 
969-6978, 2001) 0 

mAcv&mm*m&/v%mtuzi>, m mm (Dar 

kin-Rattray et al. Proc. Natl. Acad. Sci. USA 93, 13143-13147, 1996) if 

<Dfflfc'&m& £b\aZmfc^%tMfc&tt&^??~mA(D%)mk (Dionet 
al., Virology 231, 201-209, 1997) N &?&&fr<D2ffiA3& (Chen et al. , 
Proc. Natl. Acad. Sci. USA 94, 5798-5803, 1997) tZZMk+ttfeRbUfrhtlX 

v^. M)hcmmm\*M%&mmftmm^zb%*-tbtix^z (Kim, 

M. S., Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , Mo 
on, E. J., Kim, H. S., Lee, S. K. , Chung, H. Y., Kim, C. W. , and Kim, K. 
W. (2001). Histone deacetylases induce angiogenesis by negative regulat 
ion of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., Kim 
, M. S. , Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deacet 
ylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 2 
90-296) 0 

HDAC \<lte 10 mmSl±.<D-tzf ? J 7#&&'t-&&s %ffe<D HDAC ^"f 9 

4yt&/vt<D%mteMmst>fr^x%tc 0 m*.tf. msAs<D%>m\zm#>xmm 
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a«wt*fci-*A/«iiwatftfp5s omtmrn^vsz 1*07*^*151? 

!9 (Ito, A. , Lai, C. H. , Zhao, X. , Saito, S, , Hamilton, M. H. , Appella, 
E. , and Yao, T. P. (2001). p300/CBP-mediated p53 acetylation is commonl 
y induced by p53-activating agents and inhibited by MDM2. EMB0 J. 20, 13 
31-1340), -e©«tB|a*KHDACl^HDAC2*BB*>5r. t (Juan, L. J., Shia, W. 
J. , Chen, M. H. , Yang, W. M. , Seto, E. , Lin, Y. S. , and Wu, C. W. (2000 
). Histone Deacetylases Specifically Down-regulate p53~dependent Gene Ac 
tivation. J. Biol. Chem. 275, 20436-20443), itt#MJ^tt6iL^ (APL) <D$& 

p * 

t>5M&W PML-RAR PLZF-RAR, D y<ig©$8jffifcK|:b5 Bcl-6 *$<D& 

<5 (Dhordain P. , Albagli, 0. , Lin, R. J. , Ansieau, S. , Quief, S. , Leutz, 
A., Kerckaert, J. P., Evans, R. M. , and Leprince, D. (1997). Corepressor 

SMRT binds the BTB/POZ repressing domain of the LAZ3/BCL6 oncoprotein. 
Proc. Natl. Acad. Sci. USA 94, 10762-10767; Grignani, F. , De, M. S. , Ner 
vi, C. , Tomassoni, L. , Gelmetti, V. , Cioce, M. , Fanelli, M. , Ruthardt, M 

* 

. , Ferrara, F. F, , Zamir, L , Seiser, C. , Grignani, F. , Lazar, M. A., Mi 
nucci, S. , and Pelicci, P. G. (1998). Fusion proteins of the retinoic ac 
id receptor-alpha recruit histone deacetylase in promyelocyte leukaemia 
. Nature 391, 815-818; He, L. Z. , Guidez, F. , Tribioli, C. , Peruzzi, D. , 

Ruthardt, M. , Zelent, A., and Pandolfi, P. P. (1998). Distinct interact 
ions of PML-RARalpha and PLZF-RARalpha with co- repressors determine dif 
ferential responses to RA in APL. Nature Genet. 18, 126-135; Lin, R. J., 

Nagy, L. , Inoue, S. , Shao, W. , Miller, W. J., and Evans, R. M. (1998). 
Role of the histone deacetylase complex in acute promyelocyte leukaemia 
. Nature 391, 811-814) 0 ^r^-^T, |B»#jitt^t5HDAC W>f^ 
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£PbtUMcKinsey, T. A., Zhang, C. L. , Lu, J., and Olson, E. N. (2000). S 
ignal-dependent nuclear export of a hi stone deacetylase regulates muscle 
differentiation. Nature 408, 106-111; Verdel, A., and Khochbin, S. (199 
9). Identification of a new family of higher eukaryotic histone deacetyl 
ases. Coordinate expression of differentiation-dependent chromatin modif 
iers. J. Biol. Chem. 274, 2440-2445), rft^fcPl^L^TtftK:^:/^ 

* 

%>¥&M~£foZ) (Verdel, A., Curtet, S. , Brocard, M. -P. , Rousseaux, S. , Lem 
ercier, C. , Yoshida, M. , and Khochbin, S. (2000). Active maintenance of 
mHDA2/mHDAC6 histone-deacetylase in the cytoplasm. Curr. Biol. 10, 747- 
749) o HDAC6 ttMWZ E X»%mm < > sE1%ftmm<DftikKmt>% tmfetStl 

t #*£P bttTV" 1 ?) (Matsuyama, A., Shimazu, T. , Sumida, Y. , Saito, A., Y 
oshimatsu, Y. , Seigneurin-Berny, D. , Osada, H. , Komatsu, Y. , Nishino, N. 
, Khochbin, S. , Horinouchi, S. , and Yoshida, M. (2002). In vivo destabil 
ization of dynamic microtubules by HDAC6-mediated deacetylation. EMB0 J 
. 21, 6820-6831) 0 ££>l^ HDAC6 \Wi^^^"t^BT±^MtB^X\ 
B^(OMW}^\^M-^-i' 5 (Hubbert, C. , Guardiola, A., Shao, R., Kawaguchi, 
Y. , Ito, A. , Nixon, A. , Yoshida, M. , Wang, X. -F. , and Yao, T. -P. (2002) 
. HDAC6 is a microtubule-associated deacetylase. Nature 417, 455-458) 
„ iot HDAC6 (D W^nWt^MMn £ ft 5 RTfBttflS h 6* TSA HDAC ^ 

LT^^i^ V ^&##o hy^^v^V^HDAC6 %$K^irZ> ^kftX*%-&^ (Fu 
rumai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Hori 
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nouchi, S. Potent histone deacetylase inhibitors built from trichostati 
n A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001.) . »*©Stflc»3S©flMS^?>N It7h7 

TSA fttKB *r f* AgftS^S HDAC SHS-atf*- y h ft T?lE»fcKCfc1-5 £ k XW 

i 

SttSrsF't" (Finnin, M. S. , Donigian, J. R. , Cohen, A., Richon, V. M. , Ri 
fkind, R. A. , Marks, P. A. , Breslow, R. , and Pavletich, N. P. Structure 
s of a histone deacetylase homologue bound to the TSA and SAHA inhibitor 
s. Nature 401: 188-193, 1999.) 0 t * V&M&^lT £ HDAC t L 

Tf3\ Oxamf latin (Kim, Y. B. , Lee, K. -H. , Sugita, K. , Yoshida, M. , and H 
orinouchi, S. Oxamf latin is a. novel antitumor compound that inhibits ma 
mmalian histone deacetylase. Oncogene 18: 2461-2470, 1999.) % CHAP (Fur 
umai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Horin 
ouchi, S. Potent histone deacetylase inhibitors built from trichostatin 
A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001., Komatsu, Y. , Tomizaki, K.-y. , Tsukamoto 
, M. , Kato, T. , Nishino, N. , Sato, S. , Yamori, T. , Tsuruo, T. , Furumai, 
R. , Yoshida, ML, Horinouchi, S. , and Hay ash i, H. Cyclic Hydroxamic-aci 
d-containing Peptide 31, a potent synthetic histone deacetylase inhibito 
r with antitumor activity. Cancer Res. 61: 4459-4466, 2001.) &ift>£n£> 

mimtsttmz.mto&wz&mj k * v l* 5 ft k*<om.& 
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&&kt£<0, HDAC$rPlWL#5^^^$H7^o r. O J: 5 FK228 flM&rt 
(DM%tiXM%^flX^{Ct^y°nYyy^Xh^> (Furumai, R. , Matsuyama 
, A., Kobashi, N. , Lee, K. -H. , Nishiyama, M. , Nakajima, H., Tanaka, A., 
Komatsu, Y. , Nishino, N. , Yoshida, M. , and Horinouchi, S. (2002). FK228 
(depsipeptide) as a natural prodrug that inhibits class I histone deacet 
ylases. Cancer Res. 62, 4916-4921) „ 

MirZmWi'r Yy^rf^ Kflfit© #JBtt#isMfe£;h/tv* 5^ (ffift Yoshida £>, 1 
995), iftg T?©|a*SiJ45Sf3tttJte if oft* ©^-CBSHIiBi t LT+#fc:?i&-et 

$ ft 4fMV^ HDAC PlWSttS:* $ fel^ 3t7G3U"Cfc £ i?^** W }, 
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■5 n t \zx^O^^<D]k.m^<D^mmir}: bh\z, (-sx) 



[55«K R„, Rs,, R 3 i, R 41 « j etu-eti«ftfi:b , r*^*fctt^^/V'SSr^i-o R 22 , 

r 23 , r 32> r 3 3» R 42 . R 4 3 \z : tti : en$k& ut*^i> ^iti~e ©iiT/w^/i'S 

/V^/VgO^-fjh/^&^-fe R»£R«. R 22 £R 23 , R 3J b R 32 , R 32 <i:R3 3 , R« 

a 421 r 42 £r 43 «s *Mtt&&nit?mwM&&*rr^ 

Iffc 1-5 ©6i7/^ ^^fC 1~6 ©5>(g«ISr^rt-5«S^*ft 1~5 

©S«7/^vy& t L < tt, MHifc 1-6 ©««£&flt;ifc#S&3S»[ 1-5 
©S3lT/i'*v^g&^LT*^Lfc^^&*1% XHt^ tKH, ii^X 
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FW&%j&&vx^%mnffi*o^i t hfr*iFir 0 ] 

[23 CD ^<Dfc^*1f%l&&kLX'61rt&s txhyBT±T/Hk 

C3D ci3 &m<D4k&m&m%j&ftt\sXi5&'tz, TXh-isxnmL 

(43 [l] fMvte&*&G1Al&frk\*X'£frt** ftikffimMo 

(53 c 1 3 &®<Dfc&®&&%jj$,#k LxGirr&s toBm&mmfa 

[73 [13 fc * f yJtt7*?vWfc; 

[93 (2) 

/ VHal 



Pi-NRn^ ^COOH 

(*if N n tt-jR^: (1) -egHLfcilRiai-CfclK Hal H**®^ HHH^ 
^SftSrtte**:* (3) 




(2) 
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R22 R23 R32 R33 R42 R43 

(3) 

HNR21" ^CONR3i^ ^C0NR41^ ^COOP2 



y y y 



(S^ R u , R^, R 22> R 23 , R 3 „ R 32 , R 33 , R 41 , R 42 , RtfR i3 \t s — $5$ ( 1 ) T* 



Hal 

R22 R23 R32 R33 R42 R43 

y y y 



Pi-NRn xX ^^CONR2i^ ^CONR3i^ ^C0NR41^ ^COOP2 

(4) 

(^'fU n, R n , R 21 , R 22 , R 23 , R 31 , R 32 , R 33 , R 41 , R 42J R 43 , f v P 2> 

P 2 »*Lfc|f, ^^K^#J©#&T^bEj££i^ (5 

) 

R43 

R4 



Hal 



R32 

R22 

R23 ( 5 ) 



(^'t's n> Rn. R21. R 2 2> Kjj, R 31 , R 32 , R 33 , Rj„ R 42 , R 43 , Pj, P 2 , .JttFHal \~& 

) 
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R22 R23 R32 R33 R42 R43 

(6) 






Pi-NR21^ ^CONRai*^ ^CONR4i^ ^COOH 



0£>K R 21 , R 22 , R 23 , R 31 , R 32 . R 33 . R«» R«> R«» &#Pi tWBT?£lfcLfc 

fclnlttT?*)*) ^^^S-fk-a-**. (7) 






(7) 

HR11N ^ ^COOP2 

^fc^^KJS^WWETTfRft*** -«!5£ (8) 

R22 R23 R32 R33 R42 R43 

Pi-NR21^^ Vs CONR31^^CONR41-^ ^CONRn^ ^COOPa 

(8) 

n, R n , R 21 , R 22 , R,,, R^, R 32 , R 33 , R 41 , R 42 , R 43 , Pi. P» &tfHal « 

, fnE^fetSLfcfcRfc-cfcs) fcv^-c-wss (8) -e 

»iB*4W»fc * *> p, p 2 *&£;Ltcm^ m&MoftfeT-emt 

RJ&Z&X, _hE— JK5S; (5) -e^SftSfls-a-toSr^ JJcV^-JRS: (5) T*^ 
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R43 




(jfctfU n, R U) R 2I , R 22 , Rja, R 3 ,» R 32 . K> R«. K> RX^R i3 \*s BUlB-e5£|gL 
4fe« HDAC Pl^J i LT&Jl-e£ 5 e 

±1B:£ (1) R„, Raj, R 31 , R„«^tb^«LT7X^*^fi^^/vSi: 

1~ Sw^^tSo R 22> R 23 , R 32) R SJ , R 42> R 43 te % -etb^tl^bTTK^ 

LTV^T t> V\ S/c,, ^21^ ^ R 22 h R 23 , R 3J i: R 32 , R 32 k R 33 , R 41 h R 42 

m. i~5 ^i£^7'/v^ i/ys, ft&gt i~6 ©^-^^wrs^s^m^: i~5 

mmr/is* u^m. h l < ft^Hifc i~6 ^^5g^#^fc«^^ i~5 coE 
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S^Sfcia^frMrS - #0* LV\ HDAC Pl^te^l"^^-^ 

Lt^L#57M;HtU< «7y-/H, *fctttfftB R 22 , R 23> R 32 , R 33 , 

R 42) *fcfi R 43 o^c^^b^x^&^ers^ji^t^rt^/^^ 
«t>u<iiry-;m», ^^gms&^lljtT^-ckJ;^ hdac 
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■ 

h y^-f^- hm&frbmnm?t.x*ommwtnfrtbt£ summit, hdac 

£ ft b ^ PS ^ $ fi 5 ^ Tii ft v \ 

*7t, WTtC^^go^^^^fe^oVN Tift K1~£ 0 *H»|g©^ 
4fe«\ 2-T^/-n-/NPT/^y^SrJlJ|Sfi: VXSlTvmyWkirZZ k& 
"Cc^So 'i^ R n , R 21 , R 22 , R23, R 31 , R 32 , R 3S > R«> R42> R«3> 33 <kt^n 

Z>JjfeX*hZ> 0 — JRS: (2) 




W^Mb^s -«5fc (3) 
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R22 R23 R32 R33 R42 R43 

(3) 

HNR21^ ^C0NR31^ ^C0NR41^ ^COOP2 



rs2Z r\Z3 t\3Z r\33 r\4Z r\43 

y y y 



Hal 

R22 R23 R32 R33 R42 R43 

y (4)\/ y 



Pi-NRn^^CONRai^ ^C0NR31^ ^CONR4i^ ^COOP2 

(4) 

imfoz^ (5) 

R43 

R <J_P 

R23 (5) 

%^teUMbZLfo&^ (9) 



Hal 
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R43 



\ / 



R32 

R22 

R23 



x^£tiz>ik&yo&^ ik^x-$& (9) x^&fiz>ik&m*Ty^~T-%.± 
(9) p 3 (^^^^ Fy/^(D^s^-t- 0 rft&^&^i-s^t- 

* 



R22 R23 R32 R33 R42 R43 

(6) 

P1-NR21^ ^CONR3i^ ^CONR4i^ ^COOH 



r\zz r\xs r\3z r\33 r*4z 1^43 

y y y 



T^£*lS<fb-a^!£s (7) 




(7) 

HRnN^ ^COOP2 
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nr. 



Hal 



P1-NR21 



CONR11 



COOP2 

(8) 



Zb&SX1fr}j)>b%ntbtlX^^% (Yoshida, M. , Nomura, S. , and Beppu, T. Effe 
cts of trichostatins on differentiation of murine erythroleukemia cells. 
Cancer Res. 47: 3688-3691, 1987; Hoshikawa, Y. , Kijima, M. , Yoshida, M 




(9) 
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. , and Beppu, T. Expression of differentiation-related markers in terat 
ocarcinoma cells via histone hyperacetylation by trichostatin A. Agric. 

Biol. Chem. 55: 1491-1495, 1991; Minucci, S. , Horn, V., Bhattacharyya, 
N. , Russanova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B, H. , and Ozat 
o, K. A histone deacetylase inhibitor potentiates retinoid receptor act 
ion in embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295- 
11300, 1997; Inokoshi, J., Katagiri, M. , Arima, S. , Tanaka, H. , Hayashi, 

M. , Kim, Y. B. , Furumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. 

(1999). Neuronal differentiation of Neuro 2a cells by inhibitors of eel 
1 progression, trichostatin A and butyrolactone I. Biochem. Biophys. Re 
s. Commun. 256, 372-376; Wang, J., Saunthararajah, Y. , Redner, R. L. , an 
d Liu, J. M. Inhibitors of histone deacetylase relieve ETO-mediated rep 
ression and induce differentiation of AML1-ET0 leukemia cells. Cancer R 
es. 59: 2766-2769, 1999; Munster, P. N. , Troso-Sandoval, T. , Rosen, N. , 
Rifkind, R. , Marks, P. A. , and Richon, V. M. The histone deacetylase in 
hibitor suberoylanilide hydroxamic acid induces differentiation of human 

breast cancer cells. Cancer Res. 61: 8492-8497, 2001; Ferrara, F. F. , 
Fazi, F. , Bianchini, A. , Padula, F. , Gelmetti, V. , Minucci, S. , Mancini, 

M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Histone deacetylase-tar 
geted treatment restores retinoic acid signaling and differentiation in 
acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; Gottlicher, M. , Minu 
cci, S. , Zhu, P., Kramer, 0. H. , Schimpf, A., Giavara, S. , Sleeman, J. P 
., Lo Coco, F. , Nervi, C. , Pelicci, P. G. , and Heinzel, T. Valproic aci 
d defines a novel class of HDAC inhibitors inducing differentiation of t 
ransformed cells. EMB0 J. 20: 6969-6978, 2001) 0 <£oT N #^©4b^ 
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O 

hdac *WMir?>4k&yii\*^ M. f &§i£.&m&i~&b s M&Zin,x^z (Kim 

, M. S., Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , 
Moon, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. ff. , and Kim, 
K. W. (2001). Histone deacetylases induce angiogenesis by negative regul 
ation of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., K 
im, M. S., Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deac 
etylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 

290-296) 0 iot, x&woxt&mts ^M^mmnb\,x^mx^^ 0 

*$m<Dtt&mn.^ m* <d hdac 05%, hdaci, 4^lt314r^^ 
»v>ia«fiHt*^-f. zotcft, *%m<Dfc&mz, hdaci, 4\zmmhtcmB. 

\z.h. HDACI, 4#H#LfciE^£A v &AMI, 

*-7t> *3sw©-fb^tt v?v dna p« ^/HbPi^j i tits ztfr 

^pj^ft-a-^^wKb-rs^^^, &m\zj&Kx3&m. ^&m, m&m 

fo<D®£&&mm$m t P\ztt£itxt>£\ t \ ^(owmmmt LTi^ioii 
^t&aEBW^fcttwawKijst-ca^T?*^ mm. %n s mm. mm 
> mm. %m, mmm. ^^±^m, mtm. emm&mtfhfrZo 
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-/K #l;U£#y V/W<-h 80™ HC0-50 bffiftLX 

mhvx\x mt%Ms mimmm, 

M 60kg b LT) K*5V>Ttf\ ii^, 1 0 S 0 0. 01 d» & 30mg, 0£ L< f^^J 
0. 1 fl>G> 20mg, £ t? U £ L < f*^ 0. 1 fr<b 10mg «fc 9 S#1"5 
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tf> SCOP ofll3t©— KSr^i-B"Ci>5o 

HI 2 te N ^St?as>5^^--/vS**CO^iKSc4 ~ 7 © SCOP £>#3t£^-f 
HTfeSo BUzifc^T SC0P152 (C5)«. Ull ifi^LT^-fo 

0 4 tt % scop 152 izm* <Dtt&V0&1&&£lk1t'^ 7Vy h*M<D scop <om 
EI5« N Cjrl-1, Cyl-2ttS:ft:=iy7*^^a^Sr*-f-0t?fe5„ 

* 

a7tt, SCOP 152, SCOP 304 SCOP 402 ©ifitfi f ^©^^ttoffMffSrfr 

0 8J3\ SCOP 152, SCOP 304 3o «fc IF SCOP 402 <P$flflS V^^WSfcJtttOfMBi 
&MMW^^fc&®<D&}$X'&<D'£.fa<Dtfifl$:ffll^ 2K:^U H-L-Ab7-0H 
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2-amino-7-bromoheptanoic acid §r TAb7j i > 2-amino-7-acetyltioheptanoic 
acid &r rAm7(Ac)j h. s 2-amino-7-mercaptoheptanioc acid £: TAm7j b ^ sul 
fide of 2-amino-7-mercaptoheptanioc acid ^ rAm7(-)j £ % 2-amino-8. 9-dim 
ercapto (S 9 -2' -nitro-N, N' -dimethyl benzamide) $r rAm7(Ell)j 2-amino-8, 
9-dimercapto-ll-hydroxyundecanoic acid £r TAm7(SMEt)j t s 2-amino-8. 9-di 
mercapto (S 9 -2' -pyridyl) nonanoic acid rAm7(S2Py)j t s 2-amino-8. 9-dim 
ercapto (S 9 -4' -pyridyl) nonanoic acid £ TAm7(S4Py)j £ % 2-amino-8, 9-dime 
rcaptodecanoic acid £ rAm7(SMe)j k1fct„ £fc N -B-^t^^Vh^ Sulfur- 
containing cyclic peptides TSCOPJ £ !§• LT:>jH" 0 
MMm 1 . Boc-L-Ab7-0H (D&ffc 

H-L-Ab7-0H (7.3 g, 32.4 mmol) : VX^y = 1 : 1^ (30 ml, v 

/v) RU&fcU *}ftT(Boc) a 0 (7.68 g, 35.6 mmol) MhJIxf/PT^ (6 
.72 ml, 48.6 mmol) fcJn*. 5 U#W!I#Ufc 0 oc-^X^V^ 

a^/i/4r«*u m&Tftmm-mvtommk&m (10.4& 32.4 mmoi, 

100%) £#fc 0 

2 . Boc-L-Ab7-NHMe <D&)$ 
Boc-L-Ab7-0H (326 mg, 1.0 mmol), * <f-?VT % ^(81 mg, 1.2 mmol) 

, HOBt • H 2 0 (184 mg, 1. 2 mmol) <D DMF (3 ml) ftfltKHtifeTT* h V ^^WT 
5^ (0.17 ml, 1.2 mmol) RXfVCC (247 mg, 1.2 mmol) %MZ.1t 0 15 B$IM 
DMF£^£U mm^MmMU 10% ^a:>-^7K^, 4% ^^tK^ 
•^-hy ^A7K^«t/^n^7K-eH«^#-Ufe 0 MgS0 4 t?^ms ifiifK 
M77y->a^!i^^Dvf07>f- (3.6x15 cm, ^ontfvVA) 

rc-x/V / %m^-T/V (1:10) ^7jn^Tll>fbU. 6"fe^«|B 
(250 mg, 0. 74 mmol, 74%) &#7t c TLC: Rf = 0. 58 (CHC1 3 / MeO 

H = 9 / 1) 
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Boc-L-Am7 (Ac) -NHMe ©^J5fc 
Boc-Ab7-NHMe (125 mg, 0. 37 nunol) <D DMF (2 ml) V !? 

A (64 mg, 0.56mmol) ^MkX 3 R#f?TO&&<£;fco DMF&@*U mk^fr 

kbmu io% ? ^ym7kMmRT$Mm&Mfo^M&$c&istc%ks M g so 4 T?$£j& 

^ tvv / 7Z^-*r;v (i:io) %Mz.xm4k\^ ^^<DWMit 

(120mg, 0. 36 mmol, W 97%) £#fc 0 TLC: Rf = 0. 57 (CHC1 3 / MeOH = 
9/1) 

MMM 4 . Boc-L-Am7 (-) -NHMe SS dimer <D&J$ 

Boc-Am7 (Ac) -NHMe (60 mg, 0. 18 mmol) (D DMF (0.5 ml) /M& 
T^E-~T (20 eq.) ^Px. N 24^TO#Lfc 0 £/&LfcSS 
dimer ^77y^i/!J*Wp-7b^77^- (1.5X30 cm, 1% ^ ^ 7 — 
/V/ ^ n u TifUU ^^(Dmmit^ (43 mg, 0.11 mmol, J|X 

^61%) £#7c 0 HPLC^ff^ 8.5min, HRMS (FAB, dithiodiethanol) , 579 
.3293 [M+H], C 26 H 6 ,0 6 N 4 S 2 (579. 3250) . 
MMM 5 . Boc-L-Am7 (S4Py) -NHMe <D&}$ 

Boc-Am7 (Ac) -NHMe (60 mg, 0. 18 mmol) <D DMF (0.5 ml) ^^4,4'-^^ 
WVity (79 mg. 0.36 mmol) RTf* ? / V*~T (20 eq. ) 

77^- (1.5X30 cm, ^pb*M) TifMU «DfelfcjfilSr^V\ *HB^ 
(43 mg, 0.11 mmol, Jfespl 61%) £#fc 0 HPLC^IS^ 5.6 min, HRMS (FA 
B, dithiodiethanol), 400.1766 [M+H], C 18 H 29 0 3 N 3 S z (400. 1729). 
HJIM 6 . Boc-L-Ab7-0Bzl O-fr/fc 

Boc-L-Ab7-0H (4.05 g, 12.5 mmol) & DCM (20 ml) \Z.f&MV s tK^T^^v 5 
/KT/V = — /V (1.55 ml, 15.0 mmol), 4-v 5 ^ f'A^T (153 mg, 1.2 

5 mmol) ^DCC (3.09 g, 15. 0 mmol) fctflfc 8 ftWSH^fcfrofc. £J«£r 

s*t> wsfe^^vfc»«p 10% f^ymfcrnms 4% gtsbfcaw-MJ ?A7k 
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a^y*^Pvh^77^- (5X20 cm, 20% g^rc^/V- / ^fy) 
*W*U JfiftOSfB-fb^fc (4.29 g, 10.4 mmol, Jfc*S 83%) Sr#fc. TLC: Rf = 
0.49 dfi^^-A- / ^^-^^ =1/4) 

7 . Boc-L-Ile- L-Pro-OBzl 

Boc-L-Pro-OH (1.08 g, 5.0 mmol) H/'^n^ K (0.893 ml, 75 mmol) 

h & DMF (10 ml) rf\ 2fC?fcT"0 h V xsf'fVT $ ^ (10.5 ml, 75 mmol) #£T 
T?KJC&^^TT, £CfcBoc-L-Pro-0Bzl ^Wkt UT#fc« rtl^7:K^T2 N 
HC1 / i^^f-y (5 eq.) t3f$FK^T, H-L-Pro-0Bzl • HC1 £#fc 0 

Boc-L-Ile-OH • 1/2 H 2 0 (1.39 g, 6.0 mmol), H-D-Pro-OBzl • HC1 (956 mg, 4 
.0 mmol) Xt^HOBt • H 2 0 (613 mg, 4.0 mmol) (O DMF (10 ml) $gftfctZ3K?&TT? 
DCC (1.24 g, 6.0 mmol) WhJ)xf^75y (0.70 ml, 4. 0 mmol) %Mz.tz. 
o 8^W^#ms DMFSr«*U S»^/WE**U 10K**^BfckJ&»u 4%^ 
SfczkSi^MJ ^^^^t^l&^m^TJi^^Lfeo MgS0 4 -eftjftgL » 
> M*llr77y^^!J*WPvf^77^- (4X30 cm, \%*9S—>v 
/ ^PP*M) T?3fi!fiRt, ttt^^SIB'fkl'g^ (1.63 g, 3.38 mmol, W 85% 
) £#fc 0 TLC: Rf = (CHC1 3 / Me OH = 9/1) 
^JS0!l 8 . Boc-D-Tyr (Me) -L-Ile-L-Pro-0Bzl 

Boc-L-Ile-L-Pro-OBzl (1.63 g, 3.38 mmol) &r TFA (5 ml) fcigtfSPU tK^ 
T30#»Sb7c o TFA U WETftflfcU H-L-Ile-L-Pro-0 

Bzl-TFA £#fc c rft£DMF (8 ml) mSftfcS*, Boc-D-Tyr (Me) -OH (1.50 g, 
5.07 mmol) ^V^T^jC^T HBTU (1.92 g, 5.07 mmol), HOBt • H 2 0 (51 

8 mg, 3. 38 mmol) RXf h V ^>VT ^ ^(2. 37 ml, 16. 9 mmol) 3 B#« 

tK^^ h y !7 A7K^»«fP^7KT'Jlg^»L7to MgS0 4 -e«m. 

7*— ^^^^^y^^-^yTJ^/V^n-rh^y^^- (4X30 cm, 1%;* ^ / 
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— /V / ^ppjjvkA) T*ft§gU 7*— A^OgfB-fb^fe (1.44 g, 2.42 mmol 
, « 72%) &#fc 0 TLC: Rf = (CHC1 3 / Me OH = 9/1) 
Hffi#!l 9 . Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl <D&J$ 

Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (1. 44 g, 2. 42 mmol) — /V (12 ml 

) U 5% Pd-C (150 mg) #&T^&3t7G<Mrofco 5^m> Pd-C« 

SritafiU Boc-D-Tyr (Me) -L-Ile-L-Pro-OH' TFA £^fc e 

Boc-L-Ab7-0Bzl (1.29 g, 3.12 mmol) £ TFA (10 ml) Kl^tfjfU 30 
^•W^SLfCc S/S^T^TFAfc^fcU ^JETStl^U H-L-Ab7-0H • TFA 
fc 0 ^ftSrDMF (16 ml) Boc-D-Tyr (Me) -L-Ile-L-Pro-0H (1.21 g, 

2.40 mmol) U^XtK^T HBTU (1.18 g, 3. 12 mmol), HOBt • H 2 0 (368 

mg, 2.40 mmol) Rlf h V ^)VT ^ V (1. 34 ml, 9. 6 mmol) SrJPx., 3 f^TO 

#ufco Kj&m&^M, mm^Mmmu 10%^ 4%^7K^-^b 
y ^j^7K^Rxfmu±m.^x\m^^mvtco m s so 4 -eiysm, mm. 7*-& 

^m^yyy^^^Vti^^^^^Y^yy^— (4X30 cm, 2%*?;—jW? 

np*;^) -CUSSfU ■7*-J*ty;<DMW.4k'£ryo (1-20 g, 1.47 mmol, Jfcsjs 61 
%) £#7£ 0 TLC: Rf = (CHC1 3 / MeOH = 9. / 1) 

1 0 . H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H • TFA 
Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl (1. 20 g, 1.47 mmol) A' 
(7.5 ml) fc$g#?U Pd-C« (130 mg) Tx S*fe3t5c*ff ofc. 5 l$|HJ«, Pd- 
C ftfe&&fflffi U SrS*8U Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H 

o TFA (5 ml) Mt&$PU 7k^T30^TO©bfc o £JS*£&€*^ ^ 

-tvv- / rA- (1:10) &JPjStTHfcU ^JET^^^IB^^ (7 

70 mg, 1. 02 mmol, IR¥ 69%) &#fc 0 

HJS#!| 1 1 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) <D&& 

H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H • TFA (770 mg, 1.02 mmol), HATU (388 m 
g, 1.53 mmol) RX$ DIEA (0.71 ml) &5#§!lLT 30 DMF (1000 ml) 
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, 10% t^ymfoifeWi. 4% NaH^&^fP^^TK^JH^^L, MgS0 4 7?f&M 

7 4 — (4X30 cm, 2W^/-/V/^d^M) "CMML^ 37*— 130 
mg (21%) £r#fc 0 HPLC $kW$&f$^ 8. 20 min. , FAB-MS (dithiodiethanol), 593 
[M+H] , (593.2). 

HJifiM 1 2 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) <D-&f& 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pro-) (25 mg, 0.042 mmol) <D DMF (0.5 m 
1) m&fc?-*BM$ y (9.59 mg, 0.084 mmol) ZMtLX 3 B^&J&c^ 
fc e DMF BfeteBm^Mzmt) 10% ^^m7i(MW.s 4% NaHC0 s ;K. 

ItlLT 19 mg (76%) ©7ft#^£#fc 0 HPLC GkWfem, 8.20 min., FAB-MS 
(dithiodiethanol), 589 [M+H], (589.3). 

USSM 1 3 . Cyclo(-L-Am7(-) -D-Tyr (Me) -L-Ile-L-Pro-) (SS-dimer : SCOP 2 
96) <D<&I& 

cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) (19 mg, 0. 0322 mmol) & U%> 
tz. DMF (2 ml) #«HC»j&»U S—MSlTIs^-T (10 eq.) Srf^ffi$*T 
7*fe^S*l**bfco DMF (2 ml) fc»d>U 1 M I 2 (^ / 

) 0.04 ml &ifl*.TBMt3&?Tofc„ £/&Lfc SS dimer £ Sephadex LH-20 (DMF 
) jfr^TflfSlLfc. *^JP*.Te-fe»*i:UT#feo HX* 7.4 mg (42%) 0 HP 
LC fiy^p B$|Rk 14.1 min., HRMS (FAB, dithiodiethanol), 1091.5648 [M+H], C 6 
6 H 83 0 lo N 8 S 2 (1091. 5674). 

H2fg#iJ 1 4 . Boc-L-Ile-DL-Pip-OBzl <D#^g 

Boc-DL-Pip-OH (2.29 g, 10 mmol) h^V^^n % K (1.79 ml, 15 mmol) 
t % DMF (20 ml) "f» T? hi) ^)VT ^. > (2.1 ml, 15 mmol) $f&TX*ELfa% : £ 
T N ^ Cfc Boc-DL-Pip-OBzl Srjft^i Lt#fc„ i;ft£2 N HC1 / v^^f- 
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y(5 eq. ) 1? 3 ^WSJ^^^T, H- DL-Pip -OBzl • HC1 «r#fc. 

■ 

Boc-L-Ile-OH • 1/2 H 2 0 (2.47 g, 10.7 mmol), H-D-Pro-OBzl • HC1 (2.28 g, 
8. 9 mmol) RXf HOBt • H 2 0 (1. 36 mg, 8. 9 mmol) (D DMF (20 ml) W^tK^T 
T DCC (2. 20 g, 10. 7 mmol) Y V ^)VT ^ V (1. 25 ml, 8. 9 mmol) 

x.tc.0 8\%mnw&s dmf&i^u mm^f-MmMu io%^=^ 7 j<«, 

Ms M^77 5'^^!i^Wnvh^7 7^- (4X30 cm, ltf* * 7 
/ ^ p p */^A) X~%HM L> Jft^illE diastereomer fB^/fe (3. 33 g, 7 
. 70 mmol, W 87%) SrUfc. TLC: Rf = (CHC1 3 / MeOH = 9/1) 
%ffi.m 1 5 . Boc-D-Tyr(Me)-L-Ile-DL-Pip-0Bzl <D&$L 
Boc-L-Ile-DL-Pip-OBzl (3. 33 g, 7. 70 mmol) £ TFA (10 ml) \Z&M U & 

^T30^TOfiL7c:o K&*fnT&TFA<£r«*U &JETtt*ftU H-L-Ile-DL-Pi 
p-0Bzl-TFA Sr#fc 0 m^rDMF (16 ml) ^mMZlt, Boc-D-Tyr (Me) -OH (3.4 
1 g, 11.6 mmol) fc^P^ Hel^T*?&THBTU (4.38 g, 11.6 mmol), HOBt • H 2 0 
(1.18 g, 7. 70 mmol) RTf h V ^?-frT 5. >(7.01 ml, 50.1 inmol) SrJP ?U 3 B£ 
TO#Lfc 0 £OS«£}§«, BlSfc^^vMZJgfl? U 10 %?^>m7km&, 4%^ 

. !7:*— A^^77iy^3.^y •t}>f)V?v<-? b?97j— (4X30 cm, 1%* # 
/ ^ a n */U.Z>0 T?ffi$SlL. 7^- — A ^O^IB diastereomer A&4fe (3 
.46 g, 5.67 mmol, 74%) £#7c: 0 TLC: Rf = (CHC1 3 / MeOH =9/1) 

MMW 1 6 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0Bzl <D-&J$ 

Boc-D-Tyr(Me)-L-Ile-DL-Pip-OBzl (3.46 g, 7.37 mmol) J— JV (30 m 

1) 5% Pd-C (230 mg) #£T^M7c£:fTofco 8 R3« % Pd-C j« 

R^te^^fe, Boc-D-Tyr (Me) -L-Ile-DL-Pip-0H &#fc e 
Boc-L-Ab7-0Bzl (3.05 g, 3.12 mmol) £ TFA (5 ml) 7X?£T 30 # 

ra^*Lfc 0 ^»7^TFA£@*U m&Tftt&Vs H-L-Ab7-0Bzl ♦ TFA 
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fc 0 rtb^rDMF (16 ml) £ ^ Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH (2.80 g 

, 5. 39 mmol) IRV^T^THBTU (2. 66 g, 7. Olmnol) , HOBt • H 2 0 (82 

5 mg, 5. 39 mmol) RX$ Y ]) ^JVT 5 ^(3. 02 ml, 21. 6 mmol) ttx., 3 

&®M*7JV VaV!l *^P^ b^97^- (4X30 cm, 2%P< ^ 7 
— /V / -jrna^A) T?3HfjRL^ i=s^«15 diastereomer (4.0 

7 g, 4.91 mmol, Jfcs£ 91%) Sr#7^ 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
%Wfr\ 1 7 . H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H • TFA 
Boc-D-Tyr (Me) -L-Ile-L-Pro-DL-Pip-OBzl (4. 07 g, 4. 91 mmol) % * ? / — JV 

do mi) immvs ?d-c mm (300 m g ) ttT&MM7t&ft<>it 0 smm^ ? 

d-Cttjft&iEflU Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH 

^tbSr TFA (10 mL) KligflIU 30 #»BLfc 0 KJ(S8E&#*&, 

7VV / ^tfta—^/V (1:10) SrlP^THflSU IWETfMMIRiaWE diastereom 
er m&tb (2. 60 g, 3. 51 mmol, Jfcap 72%) &r#fc 0 

HJ&0U8. Cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) *5iU« Cyclo (-L-Ab7- 
D- Tyr (Me) -L-Ile-D-Pip-) <£>^J& 

it7f7^/f Kv H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H (1.28 g, 2.0 mmo 
1), HATU (1.14 g, 3.0 mmol) RU DIEA (1.0 ml) &5#§ijLT 30 &&\Z. DM 

f dooo mi) iujp&t, a^siSSr^Tofc. 2p#iw&, &j&mzmw&, mm^ 

*T?Jfi^Ufc. MgS0 4 •Cf64ftft % ££N 7*- J*#m&y , ?y*s 
;^PV>^=7^- (4X30 cm, 2%^ 7 — /V / Jru TfjtRU C 

yclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) & 372 mg (61%, HPLC 4£#B#W> 8.94 
min., FAB-MS (dithiodiethanol), 607 [M+H], (607.2)), Cyclo (-L-Am7 (-) -D~T 
yr(Me)-L-Ile-D-Pip-) £ 238 mg (39%, HPLC ^^fW> 10. 5 min. , FAB-MS (di 
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thiodiethanol), 607 [M+H], (607.2)), ^fl^tl? *~J*#. t LT^fco 
HJfcflJ 1 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) (D&f$ 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) (130 mg, 0.21 mmol) (D DMF (1 ml) 

V (69 mg, 0.315 mmol) ^MlLX 3 B^&JS £ *fc a 

ILT 109 mg (86%) (D^^}^Wc 0 HPLC ^BSffS, 8.94 min. , FAB-MS (di 
thiodiethanol), 603 [M+H] , (603.3). 

r 

MMM2 0. Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-L-Pip-) (SS-dimer : SCOP 2 
98) (D&fc 

cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) (114 mg, 0. 198 mmol) <D * ? 
/-/V (0.5 ml) ^l^^;-/H47^^r (10 eq.) Srf^ffi £-&XT±f- 
/vS4rgfe*L^o DMF (2 ml) Kt&MU 1 M I 2 {scfiS—M 0.25 

ml SrflPfcTlWfc&tf'ofc. SS dimer & Sephadex LH-20 (DMF) fly 

A-eftSjLfco *«r*P*.T6'fe»*i:U*C#fco flXfi 82 mg (78%) . HPLC fitft 
B$IISU 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C B4 H 79 0 10 N 8 
S 2 (1063. 5361) . 

HJSf !l 2 1 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pip-) <D&)$ 

cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pip-) (240 mg, 0.40 mmol) <D DMF (0.5 m 
1) $m\Z.'?*-W8L* V V J> (69 mg, 0.60 mmol) %Mx.X 3 R*rWSJ*:**/to 

v &7kmiRTfmi$zmfox*mft.wfrLit 0 Mgso 4 -e«jMk mu aiflssj* 

ftira«lC^Lfc^M^«T^WM«KLT 160 mg (66%) ©ifcftJfc&fcfc 
o HPLC fiW^WU 10.5 min., FAB-MS (dithiodiethanol), 603 [M+H], (603.3) 

HH&M2 2. Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-D-Pip-) (SS-dimer : SCOP 3 
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00) (D&f& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pip-) (160 mg, 0.27 mmol) <D DMF (1 
0 ml) &m^t? S—^T^-T (10 eq.) Srf^ffi $-frt7tf;H^i* 
bfc 0 ^W*^ DMF (2 ml) W^L, 1 M I 2 J-)V) 0.31 ml S^tlX. 
T^fb ; MTofc 0 ±J$Ltc SS dimer£ Sephadex LH-20 (DMF) # 7 A Tif$!j L 
fc 0 7K^Px.T6fe^^ LT^Co J&S 54 mg (36%) 0 HPLC 13.4 
min., HRMS (FAB, dithiodiethanol), 1119.5939 [M+H], C 68 H 87 0 10 N 8 S2 (1119. 59 
86). 

2 3 . Boc-L-Ile-D-Pro-OBzl <&&J& 

Boc-D-Pro-0H (17.2 g, 80 mmol) t << y n ^ K (14.3 ml, 120 mmol) 
t &r DMF (160 ml) ^tR^T^ h V ^;1>T % ^ (16. 8 ml, 120 mmol) #£T 
X*Rfo%&. Boc-D-Pro-OBzl LT#fc 0 2 N HC1 / i^^lf 

V (5 eq.) T3R#TOJfc£*T, H-D-Pro-0Bzl • HC1 &#fc 6 

Boc-L-Ile-OH • 1/2 H 2 0 (24. 0 g, 100 mmol), IHHPro-OBzl • HC1 (19. 3 g, 8 
0 mmol) &rj?H0Bt • H 2 0 (15.3 g, 100 mmol) CD DMF (200 ml) MJCtK^TT* 
DCC (8.3 g, 30 mmol) RUVV^^TK^ (3.5 ml, 25 mmol) &M7Ltc 0 8 

$fmnnw&. mp^m^u mst^Mmmu io%* ^y^tm, 4%$ 

, mk^yyy^y^^tiY^^^y^yy^-- (4X30 cm, \%*$;—;v 

I ^Pn*/VA) "efftBSU myt<D$kW.fc&y0 (21.5 g, 51 mmol, 72%) 
£#7t 0 TLC: Rf = (CHCI3 / MeOH = 9/1) 
MMffl 2 4 . Boc-D-Tyr (Me) -L-Ile-D-Pro-OBzl <D-£$ 

Boc-L-Ile-D-Pro-OBzl (21.5 g, 51. 4 mmol) & TFA (50 ml) U 
TlR#fTOgL7c 0 &JE&|IT# TFA £f?£ U ^JET^L, H-L-Ile-D-Pro-0B 
zl'TFA &#7c: 0 £*l£DMF (100 ml) Boc-D-Tyr (Me) -OH (16.7 g 

, 56.5 mmol) B^X^T HBTU (29.4 g, 77 mmol), HOBt • H 2 0 (7.8 



WO 03/070754 



PCT/JP03/01859 



-33- 

7 g, 51 mmol) h ]) % V (25.2 ml, 180 mmol) %M?Ls 3 

« 

^—^m^yyy^^y})^^;v^n^Y^yy^— (4X30 cm, 1%^^/ — 

;V I ^DP*M) XWMU y*~ ^(DMW.i\:^ (22.0 g, 37 mmol, IR 
# 72%) £#7c 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
HJfe09 2 5 . Boc-L-Ab6-0Tmse O^l 
Boc-L-Ab6-OH (620 mg, 2. 0 mmol) t h JJ ^ / -7W0. 572 ml, 

4. 0 mmol) t % DCM (6 ml) tft? 4-S?7< fvVT 5 / fc° y S?^ (24. 4 mg, 0. 2 mm 

mzMti&> 4X^BbK*-th y ^A7K^«t>Wp^7X-eJiR^^brt 0 M g so 4 
T?fa»lft, 9kl6* Wfcm*yyy*s*-*sy-b>fM*~* Yfjyj— (4X30 cm 

, 10% m&^fr I *T?ffiSlU ttft0>fl(|Bfls£4fe (820 mg, 1.62 m 

mol, Jfcsp 81%) &#fco TLC: Rf = 0.97 (CHC1 3 / MeOH = 9/1) 
MMM 2 6 . Boc-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0Tmse (D&fo 

Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.01 g, 1. 70 mmol) ;V (20 ml 

) W8$?U 5% Pd-C (150 mg) #£T^j»7c£f?o7c 0 8 l$|HJfL Pd-C« 
£$*i&U £j&?fc&§r*flL Boc-D-Tyr (Me) -L-Ile-D-Pro-OH £#fc 0 

Boc-L-Ab6-0Tmse (1. 51 g, 3. 0 mmol) & TFA (5 ml) KMM U 30 # 

TO*L7t 0 %.J&mT&B.fcM%% : £U M&Tffl&L, H-L-Am6-0Tmse • TFA 
£r#fc 0 rtb&DMF (3.5 ml) tR^TT* 4 U7c Boc-D-Tyr (Me) - 

L-Ile-D-Pro-OH (819 mg, 1.62 mmol), HATU (776 mg, 2.0 mmol) &X$h})^ 
^jvy^y (0.24 ml, 1.7 mmol) Sr^X., 3«»bfc D m&W&%Wk, 

m^7k^md:m^vtc a *&7j< M g so 4 -cf£#iL «s 7t-*77r> 

V -frtfjV? h ^77^f" (4X30 cm, 1%;* * y — ?V / * n P xfr/l-A) 
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T**ftRU anEfc£4fe (888 mg, 1.09 mmol, iR* 64%) TLC: Rf = (CH 

Cl 3 / MeOH =9/1) 

MMM 2 7 . Boc-L-Ab 7-D-Tyr (Me) -L-Ile-D-Pro-OBzl <D&I& 
Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.19 g, 2.0 mmol) TFA (5 ml) 

U »T30#TOSLfc o a»7^ TFA U MffT^U H-D-Tyr 

(Me)-L-Ile-D-Pro-OBzl • TFA £#fc e m&DMF (4.0 ml) }C?^£i±\ Boc- 
L-Ab7-0H (652 mg, 2.0 mmol) %Mx., ^feV^TzR^T HBTU (1.14 g, 3.0 mmol) 
, HOBt • H 2 0 (306 mg, 2. 0 mmol) RTF h V ^;VT %y (1. 4 ml, 10 mmol) & 

3«M#Lfc 0 M^tit, m^f-Mmmu 10%*^^*. 

Mk, Wife, y^—^m^-79y^^yv^^^u^h^yy>f- (4x30 

cm, 2%^/-vk/ ^bp*W) -e^b, 7^— A^^fB^t) (1.51 
g, 1. 89 mmol, W 94%) &#7t 0 HPLC #£fl«> 9. 15 min. 
£MW 2 8 . Boc-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-0Bzl <Z>£$ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.19 g, 2. 0 mmol) £ TFA (5 ml) [Cf&M 

U *»T 30 ^MJWl Ufc. »fi:il»TII TFA «r«* U MffTfSJIU H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA «r#fc. DMF (4.0 ml) Boc-L- 

Ab8-0H (676 mg, 2.0 mmol) &%Q3L, J^EV^TtIcJ'pT HBTU (1.14 g, 3.0 mmol), 
HOBt • H 2 0 (306 mg, 2. 0 mmol) RXf h y ^fl,? ^ V (1. 4 ml, 10 mmol) 

7^-A»77yv / a^y*Wnvf^77^- (4X30 cm 
, 2%*$;~-;V / ^nn*M) Tit$lL % ^-J^^fBft^ (1.44 g, 
1. 76 mmol, W 88%) £#7t e HPLC ^^W, 10. 9 min. 

2 9 . Boc-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-OBzl <D&& 
Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.19 g, 2. 0 mmol) & TFA (5 ml) \Z.W& 
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U *?&T30#Wifc|!Lfc. EJfclfcTfc TFA £0* U «£ETiaSU H-D-Tyr 
(Me) -L-Ile-D-Pro-OBzl • TFA £#fc 0 ^tb^DMF (4.0 ml) Iz3g#&ii\ Boc- 
L-Ab9-0H (775 mg, 2.2 mmol) j^T^T HBTU (1.14 g, 3.0 mmol) 

, HOBt • H 2 0 (306 mg, 2. 0 mmol) V V ^JVT % V (1. 4 ml, 10 mmol) £ 

8*u 4Wft»**^M? 9A*j8^tf^4Mft*-C0»3fe^Lfc. MgSO.-effc 

ftfc 7*-A^75y'/a^J)*WB'7f^57-f- (4X30 
cm, 2%**'/*-* / ^nn^A) TflL, 7*— ^^©SlB^^fc (1.31 
g, 1.58 mmol, Jfcsp 79%) $r#fc 0 HPLC fi&ftl$|RK 11.7min. 
HJS^IJ 3 O . H-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0H • TFA <D&}$ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (888 mg, 1. 11 mmol) — )V 

(10 ml) fcfcfcU afC#T-e3#$|Lfc 1 N NaOH*^ (1.32 ml, 1.33 mmol 

) SrJP^. N 3fl#ra#c«Lfc 0 SJtS«Sr»i|||«, H^fvWc^fl? U 10%^^>- 

SfeXt^ffifP^ifoKt?J(HJc^Ufc„ MgSO, TftjRSL ftffiU Boc-D-Tyr (Me) -L-I 
le-D-Pro-L-Ab6-0H ^^#fc 0 Ztl% TFA (5 ml) fcfcBBU SkffiT 30 #ITOg 
U7c 0 KffTft«U »5K©«IWb«g4S> (778 mg, 1.07 mmol, 

Jfc* 96%) 

^Jg^ll 3 1 . H-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA 0>£/$ 
Boc- L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 51 g, 1. 89 mmol) £r;*^/*- /V 
(5 ml) \mmU 5% Pd-C (150 mg) #3ET8HH»7C&fTofc 0 5 f$M> Pd- 

C ftfefljESrifta U Boc-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H &#fc 

„ r^^r TFA (5 ml) fcmMU TktfiT 30 U7t 0 KJCfc»cfc§*SU & 

EETffc*U JfcJffcO^fBfc'g'ft (1.15 mg, 1.84 mmol, JR^t 97%) £#fc 0 
HJ60IJ 3 2 . H-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA ©<£fifc 

Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.44 g, 1. 76 mmol) 71/ 
(5 ml) fc^«?U 5% Pd-C (150 mg) #£TgHBtfB7nfcffofc 0 5 R#TOs Pd-C 
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ttlKSrttiiL^ RJtM&^&s Boc-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-OH %'&1t 



o dftfc TFA (5 ml) \Z®MU 30 #mftftLfc 0 

j±Tf£^U m®;<OMW.4t&m (1. 15 mg, 1.84 mmol, » 97%) £#fc 0 
MM9\ 3 3 . H-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA 
Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 31 g, 1. 58 mmol) — 

(2 ml) fc:8#u 5% Pd-c (150 mg) #&TSttat554:ff o/t 0 12l$rogK Pd- 

CftfcKSrJtifiU £J&ifc«r8S8L Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H 

o TFA (5 ml) fc$#U zJc^T 30 #i»§Lfc 0 ^ 

-tvw &m**-TA' (i : io) fcou*.T©ffeu u&TftMm^mt&m o 

05 mg, 1. 42 mmol, JR* 90%) £#;fco 
'MM 3 4 . Cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) ©-g-J& 
H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H • TFA (778 mg, 1.07 mmol), HATU (616 m 
g, 1.62 mmol) DIEA (0.75 ml) Sr5#§iJLT 30 ftU\Z. DMF (110 ml) \Z 



10% ?^>ms 4% NaHC0 s , *S J; tttfeifcinSfcV \ MgS0 4 T^jtiLfco 



»WfP^7R-CJI|I^^L7t 0 MgS0 4 TMfcj&gU IM& 7t-A^^77 
j/^^y^y7V^civb^77W- (4X30 cm, l)l^;-/W^n^ 
A) "C3»iliU 146 mg (23%) 3r#fc e HPLC fitftftRk 9.06 min. , 

HRMS (FAB, dithiodiethanol), 579.2197 [M+H], C aJ H u 0 5 N< T9 Br (579.2182). 

Ab6 (Omm^M Br fc1i&LT<B£Lfc HOAt adduct 4r£triR 
^T^hy^^Ks cyclo (-L-A (OAt) 6-D-Tyr (Me) -L-Ile-D-Pro-) 167 mg (27%) 
£7*- -A£UT#7t 0 HPLC filtfl$R!k 8. 16 min., HRMS (FAB, dithiodiethan 
ol), 635.3312 [M+H], C^Oe*!, (635. 3306) . 
3609 3 5 . Cyclo (-L~Ab7-D-Tyr (Me) -L-Ile-D-Pro-) <D&& 
H-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H-TFA (1.15 g, 1.84 mmol), HATU (1.05 
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g, 2.76 mmol) RXf- DIEA (1.28 ml) £r 5 #fR| LT 30 ft%\Z. DMF (180 ml) \Z. 
Mx.X, mtRfoZftotCo l^ittfLT 700 mg (64%) (07 *~ A£# 
fc 0 HPLC 9.90min., HRMS (FAB, dithiodiethanol) , 593.2300 [M+H 

], C 28 H 42 0 6 N 4 79 Br (593.2339). 

3 6 . Cyclo(-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-) <E>-^J& 
H-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA (512 mg, 0. 80 mmol) , HATU (455 m 
g, 1.20 mmol) RXf DIEA (0.56 ml) £r5#fiJLT3 0#feRl DMF (80 ml) \Z 

* 

tc 0 MgS0 4 -e|£^, ^m, y^—^m^yyy^^^])io^;v^xi^Y^y 

(4X30 cm, l%* ? J — )V / ^nP/jvWO Tit§S[U 267 mg (55%) <D 
7*— J*£#fc 0 HPLC 9.95min., HRMS (FAB, dithiodiethanol), 6 

07.2501 [M+H], C 29 H 44 0 6 N 4 79 Br (607.2495). 

MMW 3 7. Cyclo (-L-Ab9-D-Tyr (Me) -L-I le-D-Pro-) <D&& 

H-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (905 mg, 1.41 mmol), HATU (833 m 
g, 2.12 mmol) R1$ DIEA (0.64 ml) £5#fiJLT 30 DMF (150 ml) }C 

o MgS0 4 -?f£*£fL 7*— A^77r>a^^^BY^77 

-f — (4X30 cm, 1%^/— )V / TfffSSlU 533 mg (61%) <D 

7 * — A£#fc 0 HPLC ^l^f|| x 10. 9 Bin., HRMS (FAB, dithiodiethanol), 6 
21.2625 [M+H], C 30 H 46 0 6 N 4 79 Br (621.2652). 

3 8 . Cyclo (-L-Am6 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&f& 
cyclo (-L-Ab6-D-Tyr (Me) -L-I le-D-Pro-) (146 mg, 0. 252 mmol) ©DMF (0.5 
ml) %fmK?-#im* V V A (57.6 mg, 0. 504 mmol) SrJPitT 3 I^IBIRJiS:** 
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^^/l^Sr^SI^LT 114 mg (79%) <^»£#fc 0 HPLC fiWfW, 9.06 mi 
n., HRMS (FAB, dithiodiethanol) , 575. 2879 [M+H] , C-JL^O^S (575.2903). 
MMM 3 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&}& 

■ * 

cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-) (133 mg, 0.226 mmol) <D DMF (0.5 
ml) Iffifcfc V V & (52 mg, 0.452 mmol) 3 R^HTO^i*- 

xm&.ffi&vtc 0 M g so 4 -e^m> mmu ^vtc^^^T^mmnmv 

* 

T118 mg (89%) C0»^%^r#fc o HPLC 9.90 min. , HRMS (FAB, dit 

hiodiethanol), 589.3605 [M+H], C 3O H 46 0 a N 4 S (589.3060). 

MMffl 4 0 . Cyclo (-L-Am8 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&J& 

cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) (267 mg, 0.439 mmol) (D DMF (1 ml 
) ^«^y (100 mg, 0.878 mmol) %Df\Z.X 3 

mikftftLtco Mgso 4 T-«ms assmu ^ ifct f/w^ win t -c 

222 mg (84%) tf)?ft#t%&#fCo HPLC ^^W, 9.95 min., HRMS (FAB, dithio 

diethanol), 603.3244 [M+H], C 3I H 47 0eN 4 S (603.3216). 

HJK094 1. Cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&& 

cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (250 mg, 0. 402 mmol) (D DMF (0.5 
ml) f&giliZ.f-*W?Wt> V (91.4 mg, 0.804 mmol) SriPxiT 3 Rf^iS^ 

t?JS&» Lfc 0 MgS0 4 -Ci^ML MU MLfc^^^-r^^r^SI^L 

X 190 mg (77%) <£>}ft}lfcJ&£#fc 0 HPLC 48#I#IHU 10. 9 min. , HRMS (FAB, dit 
hiodiethanol), 617.3364 [M+H], C 32 H 49 0 6 N 4 S (617.3373). 

MMW4 2. Cyclo (-L-Am6(-) -D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
2) <D&J& 
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cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 198 mmol) <D*$J 
— ?V (0.5 ml) »^^;-/Vtt7y^7 (10 eq.) ^^^XT±^ 
M&m£Vtc 0 »f?*# DMF (2 ml) fc»d>U 1 M I 2 (^*y-/V) 0.2 ml 

> 

&Mz.XMfc&?fofCo £$L7c SS dimer & Sephadex LH-20 (DMF) 
Tfllft. 7K^Px.TS^*i:LT#7t 0 Ifc* 82 mg (78%) 0 HPLC &n$f 
Hfk 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C 54 H 79 0 J0 N 8 S 2 
(1063. 5361). 

MM&H 3. Cyclo(-L-Am7(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 304 
) <D&f& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.201 mmol) <D*9J 
-A> (0.5 ml) ^i^^^/^tT^^T^^l^ttTtf/l/i^^L 

, i m i 2 s-?\>) *-Mx.x%^w7 4 vy^m&MikU ffiMhx ss 

dimmer &&&&mt LT#fCo 98 mg (89%) „ HPLC 4fc*#B#H^ 12.3 min., 

HRMS (FAB, dithiodiethanol), 1091.5684 [M+H] , C 66 H 83 0 10 N 8 S 2 (1091.5674). 

Cyclo (-L-Am8(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 

6) <D&& 

cyclo(-L-Am8(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (222 mg, 0. 368 mmol) <D*$J 
—J>V (0.5 ml) ^^{C^i?/— JVj^T^^^T^i^^XT±^M^^V 

, l M l 2 (^ J*-?V) ^x.X%^;vy j K!)A<S&MteU ffMLTSS 

dimer «r&^iLT#fc 0 167 mg (81%) 0 HPLC fiy^flOx 13.0 min., 

HRMS (FAB, dithiodiethanol), 1119.5961 [M+H], C 68 H 8B 0i„N 8 S 2 (1119. 5987) . 

4 5 . Cyclo (-L-Am9 (-) -D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 

8) (D&m 

cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (95 mg, 0. 154 mmol) <D/?J 

—jv (0.5 ml) ®mc*?/~/^Yy*-T&ftm£itxr j b s ?-;]'m%®i : &L 

\ i m i 2 ;~]v) ^Btt^^/v7^ Fy j^sultss 



WO 03/070754 



PCT/JP03/01859 



-40- 

dimer Ltffc. Jfet* 84 mg (98%) „ HPLC 14.2 min., 

HRMS (FAB, dithiodiethanol), 1147.6307 [M+H], C^fi^S* (1147. 6300). 

Cyclo(-L-Am7(SMEt)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 

OP 404)£>^J& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (270 mg, 0. 45 mmol) <D DMF (0 
.5 ml) fem\ZL*?;— /M4T^-T (10 eq.) Srtf^g $«£X7'i?? L A'g£|& 
*U T^=T^§*^ 2-^/^yhi?;-/l/ (10 eq.) £7JD>l N 1 M I 2 

0i2 m l &(ffl;fcTlMfc&?Tofc„ ^Lfc SS hybrid^ Sephade 
x LH-20 (DMF) *7A«U ffl£fl&flkfr?TV\ *IBfc&4fe«r&6»5fci: LT 
#7t 0 IRS 30 mg (11 %)„ HPLC fi^B^ 8.9 min., HRMS (FAB, dithiodieth 
anol), 622.2877 [M], C^O^S, (622. 2859) . 

MMM4 7. Cyclo(-L-Am7(S2Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 401)tf>-g^fc 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (40 mg, 0. 07 mmol) <D DMF (1 
ml) $$fc\Z.2,2'-i?^*}?})i?-y (31 mg, 0. 14 mmol) & # j «-/M4T yse 
~7 (10 eq.) fcfln*., 8NpMJt#Lfeo »tt^75yi/ a 
H*^P?f^77-f- (4X30 cm, 1%^/ — / ^po^A) *C 
ffiSt, «fBfljg^&#fc 0 JR* 15 mg (38%) 0 HPLC HKftttRK 9.6 min., HR 
MS (FAB, dithiodiethanol), 656.2952 [M+H], C 33 H 4B 0 6 N B S 2 (656.2940). 

Cyclo(-L-Am7(S4Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 

OP 402)<D&}$ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (100 mg, 0. 17 mmol) <D DMF (1 
ml) mfcfc 4, 4' t° V (75 mg, 0. 34 mmol) RTf* 9 J -A"|£T V 

^r~T (20 eq.) 8 W^Lfc e SlSIRSrjifg^, »*77^> 

ai/JJ^Wnvh^77^- (4X30 cm, 1 /V / ^rantfc/VA) 

TfHtKU WM\&tfa%%1t 0 Ifc* 13 mg (13%) 0 HPLC ftttftNU 6.5 min., H 
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« 

RMS (FAB, dithiodiethanol), 656.2934 [M+H], C 33 H 4B 0 5 N B S 2 (656.2940). 

III4 9, Cyclo(-L-Am7(SEll)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 403)tf>£j& 

5, 5' -i??-* If * ( 2 -~ b P ^ -yW) (515 mg, 1.4 mmol) (O DMF (2. 8 mL) 
»TS^5vVT$y (343 mg, 3.0 mmol), DCC (867 mg, 3.0 mmol) 
&tfH0Bt-H 2 0 (214 mg, 1.4 mmol) 8 f$M#L7t 0 &J»T^®« 

&mRT$muikt&frx*}mitk.$cw- htc 0 M g so 4 xmm mst^^m 

*Lfc 0 77yv/ai/y^y;^p-7f^77^- (4X30 cm, 1% 

*$J— ;V / ^nn*M) T'til, 5, 5' -v 5 ^ If * ( 2 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (130 mg, 0. 22 mmol) DMF (2 
ml) 5, 5' -Sj-3r\?* ( 2-= h P"<-£^$vM ^/VT ^ F) (198 mg, 0. 

44 mmol) &t>V * / -/MiT^E-^T (10 eq. ) ^n*^ 6 B3WI#Lfc 0 & 
jSflfc&ifcl&gU ^SODMFI^^L, HPLC (column : YMC-Pack 0DS-A 10X250 
mm) TSfiHRU mmt^-m^mco 13 mg (9.3%)„ HPLC «B$m 9.5 mi 

n., HEMS (FAB, dithiodiethanol), 771.3201 [M+H], C 37 H B0 0 8 N 6 S 2 (771.3210). 

Cyclo(-L-Am7(SMe)-D-Tyr(Me)-L-Ile-D-Pro-) (SC0P405) (D&ffc 
cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.2 mmol) (D DMF (1 ml) 
Wtti&fc 4-methoxybenzylmercaptan (0.056 ml, 0.4 mmol) 3o XXf h V xf;l/7 
(0.07 ml, 0.5 mmol) fcflP&T, ML"C 2 ^RJ&^1t 0 £jsfc Lfc eye 
lo(-L-Am7(Mb)-D-Tyr(Me)-L-Ile-D-Pro-) SrBffllai^VTftttiJ U JfiHRLfc^ 
^/—/V (18 ml) ef'C Dimethyl (methyl thio) sulfonium tetrafluoroborate (0 
.9 mmol, 176 mg) M^X 2 B^Wafc &i*:fc 0 HJ«£rMU ^p*^ 
•Mnig&U Vy*WB-7F^?7-f- (2X25 cm, 2% S—jV/frn 
PJjvl'A) fflU BW*Sr#fco IX* 69 mg (65%) e TLC Rf: 0.90 (CHC1 3 
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/ MeOH = 19 / 1) 0 HPLC 12.28 min. HR-FAB+ MS: 593.2777 (calcd. 

: 592.2753, composition: C^O^S,, matrix: 2, 2' -ditihidiethanol) 0 

mmm 5 1 . hd Acmmm.mft&vmfe 

Sulfur-containing cyclic peptides (SC0P)O^5tO— !H£r|Ii] 1 ~4 f£^1~ 0 5? 
^COHDACPlWJT?feSIH5(^i-J:5^Cyl-l, Cyl-2 (Furumai et al. (2001 
) Proc. Natl. Acad. Sci. USA, 98, 87-92.) &7c\Z^Wr h 7^7°^ K#*3a<£> 

3ZB<D Cyl-l, Cyl-2 ttS^n y7t^->3 y& LDLL ffcTfc5#\ LDLD (D 

o 

HDAC PlW^^IS^ff 5fcfc7c!K ^ilDHDAC^SrMLTCo 10 
OmmfV r>atlX 1 0 7 <fll£>2 9 3T«&££\ 2 4«tt h HDAC 
Is 4 £ 7C tt-v r> ^ HDAC 6^^^^^- (lug) £ Lipof ectAmine 2000 
reagent (Life Technologies, Inc. Gaithersburg, MD) lrfflV^"Ch7>'^7x 
f^ByVtc ±|Et bHDAClM^^HJpcDNA3-HDl (Ya 

ng, W. M. , Yao, Y. L. , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Bio 
1. Chem. 272, 28001-28007.) , t b HD AC $ —ft p c DN A 3 . 

1 ( + ) -HD4 (Fischle, W. , Emiliani, S. , Hendzel, M. J., Nagase, T. , 
Nomura, N. , Voelter, W. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1 
1720.) % v^^HDAC6M^^HipcDNA-mHDA2/HDAC 
6 (Verdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) & 
m^fCo OPT I -MEM^X* 5 mm^? Si-Slttc^ Dulbecco'sm 

odified Eagle' s medium (DMEM) LT 19 B#|RJ>( y^a^— h 

L7t 0 HWIiaSrPBS-Cgfcofc^ lysis buffer (50mM Tr i s-HC 1 (p 
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H7. 5), 120mMNaCl, 5 mM EDTA, 0. 5% Nonide 

t p-4 0) ('ML, y^-^ 3 yhtc 0 ±m*M>bfrMfc£V)Mib, Pro 

teinA/G plus agarose beads (Santa Cruz Biotechnologies, Inc. ) $rffiV , »T x 
^#Mlft*:/^£l&Wc 0 HD AC 1 „ HDAC4^m^^fc» 

±ttt^ ant i-FLAG M2^ft (Sigma-Aldrich Inc.) %:1&7Ls HD 
AC6£^£-frfc«±}fK:tea n t i -HA^ (clone 3F10, Roche Mole 
cular Biochemicals) ^^T4°Cl?l ^WSJ^$ii:fc 6 ^fh\Z.Ttfn—*\£— 

imm%.fo£T£tc& s lysis buffer T*X#P ~* bf-X& 3 
HD buffer (20mM Tr i s-HC 1 (pH8. 0), 1 5 0 mM 
Na C 1 , 1 0 % if ]) ± P — }V, a complete protease inhibitor cocktail (B 
oehringer Mannheim, Germany) ) X— Hl^fcoTJ:,, HD buffer (20 0/j 1) 
FLA G^:/^ K (40/zg) (Sigma-Aldrich Inc. ) £ ittiHA^Zff- K ( 1 
00^ g) X4°C, l»y^a^>- h LT 7 # »~*tf-Xd> Lfc* 

>f >-t? h n ©HD ACpl#«'|4^^TW<t 5 KffNBiLfc. tM^i^DMS 

-/IsbLXHTDACBmUmffltLXftltbtlX^Z MJa^^fVA (TSA) 
l:DMSO(«LT, SHI 0 mMOBmm&mMLIto mfettWOMk&bti 
fcf*3^>a-/K^TSA#^T> ±!3HDAC«i: [ 3 H] LfcTi?^ 

JS^l 0 0 // 1 ) o KJS£ 1 0 At 1 (DHC 1 £MlLTlk«\ »*SJtST?§J9 

ajsttfc c 3 h] mm&wm*?A>vtomLximfem&mM\sito 

W\ Rttay /WE*5tt5HDACi&£<0 5 0%|!&$SUt( l"IC50 (nM) J ) 

* 

i/7 kj ro o HIJAC MStttt p2l ^n*—^— fMMgttSriWiKftoji 
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•JSajfcUfco HRfcffl MFLL-9 %m\Z t hS?£Slp21 7"n^^-t;i/i/7 

^OBk-^at^H 1 (Dr. B. Vogelstaein) &£fe\Z.$mL1t.toJ&T*h 5 , 10 
%FBS Lfc 7 s J V $/ K/p-g" DMEM jgife^rffiV^, 37°C, 5%^^^# 

&T> TKS^ftlL^'fy^ra^— fcfflV^TJfFfcfcfrollfc. r<D MFLL-9 $H 
85000 fl/well ©iMSt9 6^^n^l/-hfciiL, #well Mi 
fc 5 ±%<D%m 99 A 1 rf T\ 6 H$ffijg3£ Lfc^ N 1 n 1 L 

Luc Lite (Packard BioScsience Company) ££)V\ UBiartl^^LTV^S/V 

yj*+#<DWkg.( TEC50 (nM) J ) ZM^Xtm^tc (&1~4) 0 
X = H*Cfc5„ (DTT##) 
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IC50 (nM) 



P21 ~/^^r — — 



SCOP No. HDAC1 HDAC4 HDAC6 EC50 (nM) If it 



148 



81.4 



17.0 > 500000 



6720 Cyll(LDLL) C5 



149 



2.37 



5.22 



44300 



596 Cyl2(LDLL) C5 



150 



2.10 



4.26 



5560 



504 Cyl2(LDLD) C5 



151 



932 



7340 



28500 > 100000 Cyll(LDLD) C4 



152 



4.60 



2.06 



1400 



309 Cyll(LDLD) C5 



153 



9.13 



91.0 



8050 



9850 Cyll(LDLD) C6 



154 



38.1 



99.2 



2470 



31400 Cyll(LDLD) C7 



x XB%H=i ^7**-*S3 y~?h%> LDLL fo£ V LDLD W-(Djjj$&. *) <(S>mm < 



>-o 
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IC50 (nM) 




P21 -ftt— 






SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


mm 




296 


763 


222 


> 500000 


7730 


Cyll(LDLL) 


C5 


298 


114 


33.7 


418000 


5800 


Cyl2(LDLL) 


C5 


300 


61.1 


36.2 


255000 


7370 


Cyl2(LDLD) 


C5 


302 


7200 


> 500000 


> 500000 


> 100000 


Cyll(LDLD) 


C4 


304 


142 


145 


> 500000 


341 


Cyll(LDLD) 


C5 


306 


153 


319 


1320000 


847100000 


Cyll(LDLD) 


C6 


308 


983 


505 


745000 


235000 


Cyll(LDLD) 


C7 



\$C5<Dh<D &-%cmXb Z>Zttf7jk& tltc 0 
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P21 








IC50 (nM) 








SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) ffig 


401 


NT 


NT 


NT 


1360 


152 + 2-Pyridine 


402 


6.76 


68.3 


1610 


1310 


152 + 4 -Pyridine 


•two 


91 5 

C 1 . <J 


1 R Q 


DUOU 


1 800 


1 52 + Blman's reajent 


404 

*T V *T 


917 


ODD 


oni nnn 
1 uuu 


1360 


152 + mercaptoethanol 


*T \J <J 


1 1 Q 


HUD 


1 Q1 

i y 1 

■ 


3260 


1 52 + methylmercaptane 


401 /DTT 


NT 


NT 


NT 


815 




402/ DTT 


0.553 


1.12 


2010 


470 




403/DTT 


1.15 


1.53 


4730 


748 




404/ DTT 


2.44 


13.0 


15400 


754 





(NTte v iPXhLT 

SCOP 1 5 2 t l&SHMb-g^ £ <£> hybrid ft T* IWS'|££^-f 5 £ £ # ?j* $ ft 
Kay^o-;!, (TSA) 







IC50 (nM) 




P21 


TSA 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


TSA 


19.2 


68.3 


27.2 


445 



U-t<£>%m£k£. V \ 3zi&m=i LDLL ft£ K) LDLD fttfXfr 
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m\-mM^/^-Q\tmi ^fj-ir-^w (x = h) ©iSfci^HDAClfiSiStttB 
DTT^Mbd»o^Sr2Stffi-Rriett*sfc5rid>e>x M^Lfc SCOP 152 





IC50 (nM) 


P21 3f P^E-^- 


PIt§$I] HDAC1 


HDAC4 


HDAC6 EC50 (nM) 


152 NT 


NT 


NT 3510 



(NT(3\ "rXhLT 
l^&l^^jVt) 



DTT *#T('J:b-<T, EC50 Itttf^t < ftofc. DTT fcJgifi© pH # 

HJtStflJ 5 2 . $IIJi& V-^/U-W HDAC 

^-eTO1-5i ifcJ: ^frofe. SMWtett, t h^f #A4jHJB (HeLa) Ht 10%FB 
S£ML;fcDMEMjti&£ffll\ 37°C, BJiriMl^iRfiqST, vflcSS&l&jfo Lfc-f 
^*^~*~&JBV>T*g|t&fTofco -©JBeHa*" 15000 ffl/ml 0j&Bj&®gT? 
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tfctr 6l$mW6f|Lfc D M&PBSTi5fcofc# N lysis buffer (5 OmM Tr 
i s-HC 1 (pH7. 5) N 12 OmM Na C 1 N 5mM EDTA S 0. 5 
% Non i de t P-4 0) t»L, V ~tr— i/3^Ltc 0 ±M%T&>bfrM 
KLXVMft, SDS buf f er t U 100°CT' 5 #«SLfcl7-:/7>& 15%SDS 

AKL5C1 (V*r/*y rcf-^— ) > 2 ftffift : anti-v «> (LIFE SCIENCE) V^Mfe EC 
L(amersham pharmacia biotech)#t3IU T^^Mt^y K^M^fctJ^rfTo 7c (HI 

EI 6 fcTF-tm V % P 21 :/P^-*~ff#^tt$iJ£©^(EC50) £-ifcL7cPl# 

So 

SCP0©«#|4r^ h^t M$iE^» (TIG-3) \ t h^^A/» (HeLa 
) £JSl^-CfTo7c 0 ilfrk TIG-3 HeLa 10%FBS £»L7c DMEMig 

T^Sr^f ofc 0 TIG-3 \t 30000 IS/well, HeLa it 10000 lH/well 

T'9 6^^o/l/-M:||U £-well ^7c9±E©^*100)ul ^1? 18 

#well <£±?f30/il %m<D9 6^4^ny\y-h^L(A) s &-otc±.m* 
m^tc 0 ^fc, 0. 5%Triton-X / PBS ^lOO^l^P^T, £b 
M<E>9 6^^0/1^- Hc30/UTo#L7t(B) 0 rtb £>0 9 6 ft-v-f 
OT'V-fA, B well \Z LDH-Cytotoxic Test (Wako) (D&W&U*: 30 1 f 
oAtb, Mfe£OS££i2r7c 0 +#ftM&a£;MA/fc aS#ih$ 60 /* 1 M 
£TM&afc£#Jk£ii:7c 0 0D560 nm ©H-fe^S:-^ ^pywf])- ( 
Softmax)-e$j£Lfc: 6 «LDH « LT [A/ (A+B) fc 0 plt^'&te, iggt 
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LDH m 50 % t ft 5 t § ©fc£ & LD50 t LTtf Lfc 0 #^Jft3ftft ftljft 

iMWStt©fl[ (]E^»LD50/ 3&S A/jftUfi LD50) flSitSWSif, &AM&m9i&}K 





LD50 


(nM) 




mmm 


HeLa 


TIG-3 




TSA 


41.4 


1580 


38.2 


SCOP 152 


370 


6780 


18.3 


SCOP 304 


151 


3471 


23.0 


SCOP 402 


1170 


13300 


11.4 


SCOP 405 


179 


7900 


44.1 


SCOP 304/DTT 


47.1 


1190 


25.2 


SCOP 402/DTT 


161 


4460 


27.8 



MMM 5 4 . &%&<Dfm 

SCOP 152, SCOP 304 &t* SCOP 402 <DtfnM l $'?<D&fe&<DW L M)*8kT<D%fe-? 
n-ot'o FCS 99 til fifclSCOP 152^ SCOP 304 (10 mM), SCOP 402 (10 nM) & 
1m1MT3 7°CTm' y^-^-hVtCo Z.tl&mfflZkKl ml OffSfca^yV 
k1&fti<DtcMZ%ftt£m<D NaCl &7jn;iT&fcfJ Lfc 0 - ©ffffitet^vMB 800 # 1 & 
£t) N @^n^£@3?Lfc^DMS0 100/il*JPx.-C*«IS*fc e roMSrl 
fcDMS0T?l 0»^Lfc 1 b©£|l^Tp21 *Ri&Jgtt©aiJfrfcfTofc 

HI 7 (C^i-ii t) „ Jk^f SCOP 304 S3 it) 5 SCOP 402 \$ SCOP 152 £ 9 ^S^F 
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£ «3 b fc 0 HeLa M b Tlb^ & {1MB £ i*\ #CT ir ?vWb J> 
SHEELTfc* h^OT^^HkV^/wSr^a^^^-efltgRLfc (El 8) . PjHB 
t htt&AAN& (HeLa) ft 10%FBS Sr^lJLfc DHEMJ&jfiSrJlVV 37°C N 

-©«^ 15000jlU/mlC7)»^T*6 5 ; v:yv->^2 ml 18 
Lfcl, 4HRflS-&4W8W* TSA^ SCOP152 43J:7J?SCOP304«200 nM v SC0P402 f$ 

l/zM^ftSJ: 5»U 9l*«*aftl*M«ilUfc. PBS -egfcoTc^L 1 

ysis buffer (50mM Tris-HCl (pH7. 5) % 120mM NaCl, 5mM EDTA, 0. 5% Nonid 

et p-40) \zmm U y-tr-*sayL1t 0 ±?t&^#lt£fc «fc SDS buf 

feria^U lOOtJ'CB^IW^Lfe^^/l'Sr 15%SDS y/Wt?«^ld^ % 

^-h 2#C#i#: : anti-^<7*(LIFE SCIENCE) ECL (amersham pharmacia 

biotech) %m U Tir^/Hb^ K©ttliJ«rffofc. 
*»K©-fb-&*tt HDAC1, 4 (£&LTfi3ilV^PiL#?£'|4£7F L7t^, HDAC6 

Lxm$kAs}£wmfe&%mtct£fritc 0 wAC6nmm%}£x»%mm<s jest 

ft^O^bfclBfrSfcif^tlSas, H^A/icoii^!9^$tlT^b-f, HD 

AC6 w§M1rz> r. i ttBl^icoft^spriitt^^ kfts, *%W<Dit-%m\z. 

tt HDAC6 |MftMiaS#ttK:99 < N TSA Kftlvfr:/*^ ^ttHttsJSfc* £ £ ^ b 

■ 

±^<DMV, HDACl, 4{C&LT^&tc3ll^l§Jgtfe£ 

5H*o lot, *%W<Dfc&W\* s HDAC, HDACl, 4 fcW-S-LTl^S 



WO 03/070754 



PCT/JP03/01859 



-52- 

Strife 3 r fc i «9 % it) »fttt©S5i> hdac MftHfe ^MISKi^-t- 



WO 03/070754 



PCT/JP03/01859 



-53- 

i. &T<D-m& (i) "e***t5ft-&* D 



l 43 o 




[st^K R u , R 21 , R,„ R 41 «^tb^n^^LT7jc^^fc}4^^^^^-r 0 R 22 , 

R 23 . R 32 . R» R42. K»ttMiVSk3L\*X7kB* Kiii~6©IiT;v^/H 
^itlfc i~6 ©jti7/^;H, ^t«:RT/v3v^ £fcte^«l9t$ 

/I/^S©V>-f*Uj6^^"t 0 R 21 fc R 22I R,, t R,,, R 31 i R S2 , R 32 i R 33 . R 4 i 

mwc i~5 ©egovi^ i/^s s ^skssc i~e ©^ttsr^s^*^** 1-5 
©e«t^ t> u< ^gt$c i~6 <Dmm&ffix.itm&&m$c 1-5 

5££fc&5r/V^v£fcL<fi7JJ— ^fclittflE R 22 , R,,, R 32 , R 33 , R 42 



WO 03/070754 



PCT/JP03/01859 



-54- 



5 . If l lB*©fc£**#3M&£fc jfiLWff^PlW^Jo 
9. (2) 



(Stf, n Wt-jR3S: (1) XfemLtctmUXfoV) , Hal tt^Jg^. JI^JW^ 
1Ztz.teTfr*;V*;V7ir**S&<D\i^-fil$:R^Xh&<s P 2 tt7^S©ftl 



(^ I t , \ Rji> ^21» ^22» ^23» ^31i ^32' ^33> ^41» ^42» "BCtf- R 43 (l) X 




(2) 



HNR21 




COOP2 



(3) 



WO 03/070754 PCT/JP03/01859 



-55- 

•i^^KI&^ll©#«ET"eS«**s -iRS; (4) 

/ VxHal „ 

[ rT R22R23 R32R33 R42R43 

Pi-NRii^ V,v CONR21^ Vs CONR31^^CONR41^ S ^COOP2 

(4) 

(^"fU n, R n , Rjj, R22> ^23' ^31> ^32> ^33» ^41> R 42» ^43' ^1' ?2> Hal 



) 



R43 

R4 



J V 



R41 R11 j \ /n 

R33 JL R21 



Hal 



\ / 



R32 

R22 

R23 (5) 



(^^n n > ^llJ K 2 i> R 2 2> ^23' ^31* ^32> ^33> ^41> ^42> ^43> ^2> 

■ 

) 

R22 R23 R32 R33 R42 R43 

y y v (6) 

Pi-NR21- X ^ v CONR31^ SVs CONR41*^ SVs COOH 

(^s Ra„ R22» R 23> Rsi. R32. R33. R4L R 42> R43» ft, ME-e^^bfC 

T^tiS^^ ~« (7) 



WO 03/070754 



PCT/JP03/01859 



-56- 




(7) 

HR11N ' ^COOPz 

^ir^7°^K^»STT^^$^ (8) 



R22 R23 R32 R33 R42 R43 



(fn 




y X X 

P1-NR21^ ^C0NR31^^C0NR41^^C0NR11^ ^COOPz 

(8) 

n, R n , R 21 , R 22 , R23J K 31 , R 32 , R33, R 41 , R 42 , R 43 , Pj, P 2 , XV Hal tt 
£OS£itT, ±|B-^ (5) T^$tl5^^)^#, 5!feVN"t?-^ (5) X*tf 



R43 

.7 \ 



R33 L R31 R21 .^L (9) 



— JL R31 R21 ^is,^ 



R32 

R22 

R23 



(5£<K n, R,„ R 21 , R 22 , R 23 , R 31> R J2 , R 3S , R 41 , R 42 , WR 43 li, MlS-e^ftL 



WO 03/070754 



PCT/JP03/01859 



-57- 



WO 03/070754 



PCT/JP03/01859 



1/8 




U 
Q 

Q 



Ol 



I 



I 

O 
I 



i 
<L> 




i 




i 



u 

u 





LO 
(J 



j 

6 



i 

o 

£ 
t 

l 

*0> 



- >> o 



Q 9 




i 

o 

u 

>* 

u 




LO 



0> 



CM 
t 



I 

Ql 

t 



i 



I 

1^ 




I 

o 
u 



WO 03/070754 



PCT/JP03/01859 



2/8 




i 

O 

Q 

i 

c> 
i 



Q 



- ^ 



Q. 



I 

>» 

u 



Q 

£ 

< 



U 



I 

o 

ct 

Q 
i 



0> 



CO 

(J 



Q 
i 

CO 

E 
< 



Q. 



r— O 



WO 03/070754 PCT/JP03/01859 

3/8 



\ 




CO 



WO 03/070754 



PCT/JP03/01859 




WO 03/070754 



PCT/JP03/01859 



H6 



6/8 



fcX K>H3 
tX H> H4 



TSA 



152 



304 



401 



0 10 1 0.1 10 1 0.1 10 1 0.1 10 1 0.1 nM 







402 



403 



404 



405 



tT, H> H3 
tX h> H4 



0 10 1 0.1 10 1 0.1 10 1 0.1 10 1 0.1 nM 








H4 ► 



302 

1000 100 10 1 0.1 



H3 ► m 



306 
1000 100 10 1 



308 

0.11000 100 10 1 



0.1 



> '.I iij'- ■ 



np*WP ■ . ./• •••«:;•:••■-. 

U'-! 1 •» ■■f'i":'*.?H"t-'i' -J :: r- • H-v'?" -v ' 

F. .'V. • ;.■ • ; ,:: t: 'VAi^::^i : ^» - •J.^*r-':» . 1 «\«r : 



WO 03/070754 



PCT/JP03/01859 



7/8 



100 J 



its 
I 

H 




0 



12 

SSrM 



18 



24 



SCOP1 52 
□ SCOP304 
A SCOP402 



WO 03/070754 



PCT/JP03/01859 



m 8 



8/8 



tX h> H3 
t7. h> H4 



tX h>H4 



0 1 





152 (200 nM) 



304 (200 nM) 



8 12 .24 1.. 3 6 8 12 .24 . |* m 




i Nf-j i! 1 1 



TSA (200 nM) 



402 (1 jiM) 



.9. 1 6 8 12 24 1 3 6 8 J2 24 _B#Fe1 




INTERNATIONAL SEARCH REPORT 


International application No. 


* 


PCT/JP03/01859 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI C07K5/12, C12N9/99, A61K38/00, A61P17/00, A61P31/00, 


A61P35/00, A61P37/00, A61P43/00 





According to Internationa] Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 C07K5/12, C12N9/99, A61K38/00, A61P17/00, A61P31/00, 
A61P35/00, A61P37/00, A61P43/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
REGISTRY (STN) , CA(STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 



WO 01/07042 Al (MERCK & CO., INC.), 

01 February, 2001 (01.02.01),' 

& EP 1204411 Al & JP 2003-505417 A 

COLETTI S.L. et al., Broad spectrum antiprotozoal 
agents that inhibit histone deacetylase: 
structure-activity relationships of apicidin. 
Part 2. Bioorg.Med.Chera.Lett. 2001, Vol.11, 
No. 2, pages 113 to 117 

COLETTI S.L. et al . , Design and synthesis of 
histone deacetylase inhibitors: the development 
of apicidin transition state analogs. 
Tetrahedron Letters 2000, Vol.41, No. 41, 
pages 7837 to 7841 



1-9 



1-9 



1-9 



Further documents are listed in the continuation of Box C. [^] See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 



"V* 
M 0" 



considered to be of particular relevance 

earlier document but published on or after the international tiling 

date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



'T' later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
M Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
"&" document member of the same patent family 



Date of the actual completion of the international search 
14 March, 2003 (14.03.03) 


Date of mailing of the international search report 
01 April, 2003 (01.04.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT International application No. 

PCT/JP03/01859 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


MEINKE P.T. et al., Synthesis of side chain 
modified apicidin derivatives: potent mechanism- 
based histone deacetylase inhibitors. Tetrahedron 
Letters 2000, Vol.41, No. 41, pages 7831 to 7835 


1-9 


A 


JP 2001-316283 A (Fujisawa Pharmaceutical Co., 
Ltd. ) , 

13 November, 2001 (13.11.01), 
& CA 2317003 Al 


1-9 


A 


WO 00/52033 Al (JAPAN ENERGY CORP.), 

08 September, 2000 (08.09.00), 

& EP 1174438 Al & US 2002/0120099 Al 

& JP 2000-256397 A 


1-9 

• 


A 


WO 00/21979 Al (Fujisawa Pharmaceutical Co., 
Ltd.), 

20 April, 2000 (20.04.00), 

& EP 1123309 A2 & JP 2002-527449 A 

> 

* 

* 

* 

* 


1-9 

■ 
• 

• 



Form PCT/1SA/210 (continuation of second sheet) (July 1998) 



IIRff£*& 



l^ttJJ®#-§- PCT/J P 0 3/0 1 8 5 9 



a. m<omi-5ft®<D#m mmm/HM ( i p o ) 

Int. CI 7 C07K 5/12, C12N 9/99, A61K 38/00, A61P 17/00, A61P 31/00, A61P 35/00, A61P 37/00, A61P 43/00 



B. 



*«:fTofc*/MR»w mvmvt&m (ipo ) 

Int. CI 7 C07K 5/12, C12N 9/99, A61K 38/00, A61P 17/00, A61P 31/00, A61P 35/00, A61P 37/00, A61P 43/00 



sms-e^ * ^-^ 

REGISTRY (STN).CA(STN) 



C. 



ftJk©®B©#-§- 



WO 01/07042 Al (MERCK &C0. , INC. ) 2001. 02. 01 
& EP 1204411 Al & JP 2003-505417 A 

COLETTI S. L. et al, Broad spectrum antiprotozoal agents that 
inhibit histone deacetylase : structure-activity relationships 
of apicidin. Part 2. 
Bioorg. Med. Chera. Lett. 2001, Vol. 11, No. 2, p. 113-117 



1-9 



1-9 



0 C«©«*fcfc*tt**H*S*i-tV5. 



0*BHttXH3Sjt6tt!i«ftV^ i fens t> © 
TYJ ItfwMjiWfeSX^T&oT, ^Xlfctft&fiOlfil 



14. 0 3. 0 3 



01.04.03 



ti 



f3#!S^ff/f (ISA/jp) 
SiSS# 100-8915 




4N 



9 15 2 



03-3581-1101 rtSI 3448 



iSPCT/ISA/2 10 («2^ (1 9 9 8^7^) 



B^Wffi#-f- PCT/J PO 3/0 1 8 5 9 



COLETTI S. L. et al, Design and synthesis of histone 
deacetylase inhibitors: the development of apicidin 
transition state analogs. 

Tetrahedron Letters 2000, Vol. 41, No. 41, p. 7837-7841 

MEINKE P. T. et al, Synthesis of side chain modified apicidin 
derivatives: potent mechanism-based histone deacetylase 
inhibitors. Tetrahedron Letters 2000, Vol. 41, No. 41, p. 7831-7835 

JP 2001-316283 A(0^fpX||^#^h)2OOL 11. 13 
& CA 2317003 Al 

W0 00/52033 Al (JAPAN ENERGY CORP. ) 2000. 09. 08 

k EP 1174438 Al & US 2002/0120099 Al & JP 2000-256397 A 

W0 00/21979 Al (0^p p pXH^^#?±)2OOO. 04. 20 
& EP1 123309 A2 & JP 2002-527449 A 



1-9 



1-9 



1-9 



1-9 



1-9 



SSPCT/ISA/2 10 i^2-<-^<om%) (1 9 9 8^7,8) 



